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copolymerized with 2,2-bis[4-(2-hydroxyethoxy) phenyl] propane at 1.0-25.0 mol% per acid 
component of the above-mentioned polyester component described in (a). 

DETAILED EXPLANATION OF THE INVENTION 

The present invention is concerned with a new polyester-type composite fiber with crimp 
properties having excellent crimp properties, and having excellent crimp maintenance. 

Many processes for manufacturing a composite fiber with latent crimp properties, 
involving the combination and spinning of one type of polymer with another type of polymer 
having a different shrinkage level, have been invented. Examples of the conventional process 
include a process involving the combination and spinning of one type of polyester with another 
type of polyester having a different polymerization degree and a process involving the 
combination and spinning of a polyester, copolymerized with a bi functional or trifunctional 
compound, with a homopolyester. Examples of the copolymer component include dicarboxylic 
acids such as isophthalic acid and adipic acid and diols such as para-p-dihydroxyethoxybenzene 
described in Japanese Kokai Patent No. Sho 47[1972]-9806. 

The long fibers with the latent crimp properties obtained by the above-mentioned process 
involving combination and spinning had to obtain large crimp numbers and to have both 
excellent crimp properties and excellent crimp maintenance when the fiber was crimped to 
obtain bulky fibers or when a fabric made with the fibers was crimped to obtain a bulky fabric. 
When extended fibers were crimped to obtain bulky fibers used to obtain a fabric, the fibers had 
to have good crimp elasticity to maintain the crimp properties under tension in the weaving or 
knitting process. When a fabric was crimped to obtain a bulky fabric, the fabric had to contain 
composite long fibers having good crimp properties to in turn obtain good crimp properties in the 
fabric under tension. 

Neither conventional composite long fibers containing polyethylene terephthalate with a 
polyester copolymerized with isophthalic acid or with a polyester copolymerized with para-(3- 
dihydroxyethoxybenzene had good crimp properties. Because neither one was crimped well, nor 
formed more than 30 crimps/cm at 180°C with 2 mg/d, it could not be used. 

Research was conducted by the inventors to obtain a polyester-type of composite fiber, 
obtaining a large crimp number, especially 30 crimps/cm or more, and having both excellent 
crimp properties and excellent crimp maintenance, and the present invention was completed. 

The present invention involves a composite fiber containing one typr of polyester either 
parallel or eccentrically adhered to another type of polyester throughout the fiber structure, and is 
characterized by containing a polyester component with a polyethylene terephthalate repeating 
unit of at least 85 mol% or more, having the following structure: 
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CLAIMS 



A polyester-type composite fiber with crimp properties, containing one type of polyester 
that is either parallel or eccentrically adhered to another type of polyester throughout the fiber 
structure, and characterized by containing (a) a polyester component with a polyethylene 
terephthalate repeating unit of at least 85 mol% or more and (b) another polyester component 
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~(0CH 2 CH 2 OC-^-C-) n 

II II 

0 o 



and another polyester component copolymerized with 2,2-bis[4-(2-hydroxyethoxy) phenyl] 
propane of the following structure: 

CH S 

HOCH* CH 2 O -^jy C -^^OCH2CH20H 

CH 3 

at 1 .0-25.0 mol% per acid component of the above-mentioned polyester component. 

The crimp properties of composite fiber basically depend on a difference in shrinkage 
between the components. Since the shrinkage of polyethylene terephthalate is known, it can be 
verified that the shrinkage of the copolymer (fiber) significantly affects the crimp properties. It is 
impossible to estimate the shrinkage of the copolymer (fiber) based on the structures of the 
copolymer components. The shrinkage of the actual fiber has to be measured. Whether it is easy 
to obtain a copolymer or not, or whether it is stable, affects the manufacture of a composite fiber. 

When the following compound (A): 



HO 



JLcH 2 -<Q-OH (A) 



is compared with the following compound (B): 



CH 3 
I 



HOCH 2 CH 2 0^3~ C ^^-OCH 2 CH 2 OH 



CH 3 
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compound (B) of 2,2-bis [4-(2-hydroxyethoxy) phenyl] propane used in the present invention has 
a better chemical reactivity than compound (A). Because an aromatic alcohol has a higher acidity 
than an aliphatic alcohol, it is more difficult to obtain an ester bond with the aromatic alcohol. 
Therefore, it is easier to obtain a copolymer with compound (B). 

It is assumed that the chemical structure of compound (A) is more stable. The reason is 
that compound (A) contains an aromatic ester bond of the following: 




0 



while compound (B) contains an aliphatic/aromatic ester of the following structure: 

•-^-QCH, CH 2 OC-^ 



II 

O 



The aromatic ester has a better thermal stability than the aliphatic ester. 

The compound (A) polymer has the following as an example of the copolymer: 



Acetic acid is obtained using the acetyl unit of phenol as a monomer while carrying out 
the reaction. This produces ethylene glycol, causing the poor thermal stability of the poiymer or 
causing browning, which is not suitable as a fiber. This polymer is chosen as a component of the 
composite fiber with crimp properties, having a specific effect, because the HEPP copolymer has 
a good thermal stability and high melt-viscosity. At 295°C, polyethylene terephthalate having 
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Tlsp/c = 0.72 and a softening point of 260°C has a similar melt- viscosity to that of 10 mol% of the 
copolymer having r| sp / c = 0.75 and having a melting point of 233°C; it barely reduces the 
viscosity and is stable in the combination/spinning process. Neither isophthalic acid nor the 
adipic acid copolymer has the above-mentioned properties. 

It is suitable to use 2,2-bis [4-(2-hydroxyethoxy) phenyl] propane (referred to as HEPP 
below) for carrying out copolymerization at 1-25 mol%, especially 5-20 mol%, per acid 
component of the polyester. If it is used at less than 1 mol%, the long fibers of copolymerized 
polyester a low shrinkage and there is a small difference in shrinkage between the long fibers of 
copolymerized polyester and the long fibers of the homopolyester. Therefore, composite long 
fibers containing both types of long fibers has such poor crimp properties that it cannot be used. 
If it is used at more than 25 mol%, the melting point of the copolymer is significantly reduced, 
and the heat resistance is reduced, making it unsuitable for combination/spinning. The softening 
point of the copolymer is proportional to the amounts of copolymer component. The softening 
point is reduced as the amounts are reduced. The proportion depends on the type of copolymer 
component. The different copolymers consisting of 10% mol, 20 mol%, 25 mol%, and 30 mol% 
of HEPP has a softening point of 233°C, 216°C, 202°C, and 188°C. Polyethylene terephthalate 
has a softening point of 260°C. The spinning temperature is suitably 290-300°C. 

The spinning temperature for a composite long fiber of the present invention depends on 
the amount of polyethylene terephthalate. 20 mol% of the copolymer is suitably spun at 80°C 
higher than the softening point. Both components must have equal melt-viscosity levels in the 
aperture of the spinning nozzle to prevent bending of the fibers, which affects the yield of long 
fibers in the combination/spinning process. The melt- viscosity of the polymer is reduced as the 
melting point is increased. At 300°C, the melt- viscosity of the polymer having a softening point 
of 216°C tends to be lower than that of another polymer at 300°C having a softening point of 
260°C. The polymerization degree of the Co-PET (polyethylene terephthalate copolymer) is 
increased. The reduction of viscosity in the melting process corresponds to the difference 
between the spinning temperature and softening point of the polymer. A copolymer having a 
lower softening point is less suitable for combination/spinning than the HEPP copolymerized at 
more than 25 mol% and having a softening point of lower than 200°C; when the difference 
between the softening point and spinning temperature is more than 100°C, this is not suitable for 
combination/spinning. 

A polyester copolymerized with- HEPP is obtained by adding HEPP as a glycol when a 
primary polymer or monomer is obtained by carrying out the reaction of a carboxylic acid or its 
lower alkyl ester with the glycol. Antimony oxide, phosphorous acid, or titanium oxide, used to 
obtain the conventional type of polyester as an additive to accelerate the reaction or to stabilize 
the polymer, may be used while carrying out the reaction. 



6-2474 



A composite fiber having crimp properties of the present invention is obtained in the 
conventional combination/spinning process, in which one type of polyester component is either 
parallel or eccentrically adhered to another type of polyester component throughout the length of 
the fiber, and is extruded from one aperture of a spinning nozzle. Both components may be either 
parallel or eccentrically (core/sheath) arranged to obtain excellent effects of the present 
invention. Both polyester types may be extruded in an equivalent weight ratio. However, the 
weight ratio of each component may vary. 

The non-extended composite fiber obtained in the above-mentioned process is extended 
and thermoset in the conventional process for manufacturing polyester fibers. The extended fiber 
is three-dimensionally crimped when it is treated with hot water, boiling water, steam, or 
modified hot air. A heat treatment may follow the extension process. 

Because a composite fiber of the present invention contains a polyester copolymerized 
with 2,2-bis [4-(2-hydroxyethoxy) phenyl] propane as a component, it has a large number of 
crimps. The composite long fiber has good latent crimp properties and good crimp maintenance, 
and is soft. 

The present invention is explained with application and comparative examples. Crimp 
number, crimp percentage, and crimp elasticity, described in the application and comparative 
examples, were obtained by the following measurements. 

Crimp number: Crimp number (25 mm), contained in a crimped yarn (length: about 20 cm) 
under a tension of 2 mg/d, were counted. 

Crimp percentage, crimp elasticity: The entire length 1 0 of crimped yam (length: about 20 cm) 
with a load of 2 mg/d was measured. After applying a load of 500 mg/d and leaving undisturbed 
for 30 seconds, the overall length 1 was measured. Immediately after the measurement, the load 
of 500 mg/d was replaced with a load of 2 mg/d, and the yarn was left undisturbed for 2 minutes. 
The overall length 1 0 ' was measured. 

Crimp percentage = x 100 (%) 

Crimp elasticity = 1-1 0 71-1 0 x 100 (%) 

Reduced viscosity of the polymer r\ sp /? was obtained by measurement with a 1% solution 
of o-chlorophenol at 35°C. 

Parts: parts by weight 
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APPLICATION EXAMPLE 1 

Dimethyl terephthalate (20.0 parts), ethylene glycol (14.0 parts), 2,2-bis [4-(2- 
hydroxyethoxy) phenyl] propane (3.25 parts), manganese acetate dihydrate (0.0097 part), and 
antimony trioxide (0.0080 part) were introduced into an experimental autoclave. While distilling 
methanol produced in the process, this was heated at 180-230°C and stirred for 3.5 hours. After 
removing methanol, an ethylene glycol suspension containing titanium oxide (0.10 part) and 
ethylene glycol solution containing phosphorous acid (0.0035 part) were added. While gradually 
increasing the temperature and vacuum, the majority of ethylene glycol was removed, followed 
by carrying out polymerization under a reduced pressure of 0.5-0.3 mm Hg at 280°C for 1.5 
hours. Polymer (2) having a softening point of 233°C and reduced viscosity of 0.76 was 
obtained. 

10 mol% of HEPP in relation to dimethyl terephthalate 

Polymerization was carried out in the same process as the above-mentioned process 
except for adding different amounts of HEPP to obtain polymer (1) (5 mol% of HEPP). Polymer 
(1) had a softening point of 245°C and reduced viscosity of 0.73. The properties are shown in 
Table 1. 



Table 1 



Polymer 


Amounts of HEPP 
added 


Softening point 


Reduced 
viscosity 


1 


5 mol% 


245°C 


0.73 


2 


10mol% 


233°C 


0.76 



Polymer (1) or (2) was spun out with polyethylene terephthalate (weight ratio 1:1), 
obtained by carrying out polymerization in the conventional process and having a softening point 
of 260°C and reduced viscosity of 0.72, at 287°C from one aperture of a spinning nozzle. A non- 
extended fiber containing polymer (1) or (2) parallel-adhered to polyethylene terephthalate 
(120 d/10 f) was obtained. The non-extended yarn was extended on a hot plate at 100°C to obtain 
a magnification of 4.0. The extended fiber (single fiber) was applied with a load of 2 mg/d, 
followed by dry-heating at 180°C for 10 minutes, or by soaking in boiling water for 10 minutes. 
The crimp properties of each crimped fiber are shown in Table 2. Single fiber: 3 d. 
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Table 2 







Crimp properties 




long fiber 


Composition 


Crimp 

numhpr/9 S 

lllUHUCU Z*J 

mm 


Crimp 

nprrpnta op 


Crimp 
elflcfitMtv 

viajiiviij 
(%) 


Note 


i 


Polymer 1/ 
PET 


106 


14.6 


46 


180°Cx2mg/d 


ii 


Polymer 21 
PET 


142 


19 


32 


180°Cx2mg/d 
drv-heatine 


iii 


Polymer 3/ 
PET 


41 


43.5 


77 


boiling 



Table 3 shows the crimp properties obtained by applying a variety of loads while 
crimping composite long fiber ii. 



Table 3 





Crimp properties 


Load applied while 


Crimp 


Crimp 


Crimp 


crimping (mg/d) 


number/25 


percentage 


elasticity (%) 




mm 


(%) 




1 


168.5 


22 


35 


2 


142.6 


19 


32 


4 


112 


11 


38 


6 


57.6 


4 


47 


8 


2 


0 


0 



dry-heating 
atl80°C 



COMPARATIVE EXAMPLE 1 

A polymer obtained by carrying out the copolymerization of isophthalic acid (10 mol%) 
with terephthalic acid and having a softening point of 234°C and reduced viscosity of 0.69 was 
adhered to polyethylene terephthalate (softening point: 260°C, reduced viscosity: 0.72) (1/1 
ratio) and spun to obtain a non-extended fiber (120 d/10 f). This was extended on a hot plate at 
100°C to obtain a magnification of 4.0, followed by dry-heating at 180°C for crimping. When a 
load of 1 mg/d or more was applied while crimping, no crimp was obtained. When no load was 
applied, 38 crimps/25 mm was obtained. 

When soaking in boiling water for 10 minutes, 19 crimps/25 mm, crimp percentage of 
24.6%, and crimp elasticity of 41% were obtained. 

APPLICATION EXAMPLE 2 

The same process described in Application Example 1 was used except for adding 
different amounts of HEPP, and carrying out polymerization on a pilot scale. Polymers (3) 
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copolymerized with 8 mol% of HEPP, (4) copolymerized with 15 mol% of HEPP, (5) 
copolymerized with 20 mol% of HEPP, and (6) copolymerized with 30 mol% of HEPP were 
obtained. Table 4 shows the softening point and reduced viscosity of each polymer. 



Table 4 



Polymer 


Amounts of HEPP used 
for copolymerization 


Softening point 


Reduced viscosity 


1 


5 mol% 


245°C 


0.73 


2 


10mol% 


233°C 


0.76 


3 


8 mol% 


239°C 


0.73 


4 


15mol% 


224°C 


0.75 


5 


20 mol% 


216°C 


0.75 


6 


30 mol% 


188°C 


0.78 



Each copolymer (l)-(6) was spun out with polyethylene terephthalate (at a 1:1 ratio) 
having a softening point of 260°C and reduced viscosity of 0.72, and obtained in the 
conventional polymerization process from one aperture of a spinning nozzle at 295°C at 
29 g/min. Non-extended fibers (380 d/48 f) containing each polymer parallel-adhered to 
polyethylene terephthalate were obtained. The non-extended fiber was extended on a hot plate at 
120°C with a hot roll at 80°C to obtain a magnification of 3.8, followed by thermosetting. An 
extended fiber (100 d/48 f) was obtained. Extended fiber (single fiber): 2 d. The extended fiber 
was applied with a load of 2 mg/d, then dry-heated at 180°C for 5 minutes. Table 5 shows the 
crimp properties. 



Table 5 







Crimp properties 


Composite 
long fiber 


Composition 


Crimp 
number/cm 


Crimp 
percentage 

(%) 


Crimp 
elasticity 
(%) * 


i 


Polymer 1/ 
PET 


13 


i 


51 


ii 


Polymer 21 
PET 


33 


5 


65 


iii 


Polymer 3/ 
PET 


59 


23 


39 


iv 


Polymer 4/ 
PET 


75 


19 


43 


V 


Polymer 5/ 
PET 


38 


20 


33 


vi 


Polymer 6/ 
PET 


23 


15 


31 
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COMPARATIVE EXAMPLE 2 

A polymer obtained by carrying out the copolymerization of para-p- 
dihydroxyethoxybenzene (5 mol%) and having a softening point of 245 °C and reduced viscosity 
of 0.75 was combined and spun out with polyethylene terephthalate (softening point: 260°C, 
reduced viscosity: 0.72) as in Application Example 1 at a 1/1 ratio to obtain a non-extended fiber 
(76d/10f). 

This was extended on a hot plate at 120°C to obtain a magnification of 3.80, followed by 
dry-heating at 180°C for crimping. When a load of 4 mg/d was applied while crimping, a result 
of 2 crimps/25.4 mm was obtained. When a load of 2 mg/d was applied, a result of 5 crimps/cm 
was obtained. 

When soaking in boiling water for 10 minutes, a crimp number of 5 crimps/cm, crimp 
percentage of 8%, and crimp elasticity of 68% was obtained. 



Language Services Unit 
Phoenix Translations 
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